Abstract. Osteosarcoma is the most frequent primary malignant bone tumor. An increasing body of evidence has suggested that microRNAs (miRNA/miRs) have emerged as critical regulators in the initiation and progression of osteosarcoma. The present study explored the biological function of miR-192-5p and ubiquitin-specific protease 1 (USP1), and investigated whether miR-192-5p could directly interact with USP1 in osteosarcoma. The results revealed that miR-192-5p was significantly downregulated in osteosarcoma tissues and cell lines, while a reverse expression profile of USP1 was observed. Ectopic expression of miR-192-5p restrained cell proliferation, apoptosis, migration and invasion. In addition, it increased the sensitivity of osteosarcoma cells to cisplatin. USP1 was also observed to be a direct target gene of miR-192-5p in osteosarcoma. Overexpression of USP1 promoted cell proliferation, apoptosis, migration and invasion, and decreased cell chemo-sensitivity; however, it could be partially reversed via the overexpression of miR-192-5p in osteosarcoma cell lines. Taken together, the present study demonstrated that miR-192-5p suppressed the initiation and progression of osteosarcoma by targeting USP1. Therefore, miR-192-5p may serve as a valuable biomarker and the miR-192-5p/USP1 axis may function as a novel therapeutic target for osteosarcoma.
Introduction
Osteosarcoma is the most frequent primary malignant bone tumor, which mainly occurs in children and adolescents (1) (2) (3) . Previous study has shown that osteosarcoma accounts for approximately 19 and 5% of all malignant bone tumors and childhood neoplasm, respectively (4) . Despite the recently advances in multi-modal therapeutics, the prognosis and 5 years survival rate of osteosarcoma remains unsatisfactory (5) . Therefore, it is urgent for us to explore the molecular mechanisms and find new therapeutic strategies to target this disease.
MicroRNAs (miRNAs/miRs) are short, endogenous noncoding and highly conserved RNAs, which can restrain the expression of target genes through binding to the 3'-untranslated region (3'-UTR) mRNA (6) (7) (8) . According to previous studies, miRNAs have taken part in a great deal of cellular processes, including cell proliferation, invasion, apoptosis, chemo-resistance (9) (10) (11) . Furthermore, many studies have already proved that abnormal expression of miRNAs play significantly parts in the occurrence and pro gression of cancers, including hepatocellular carcinoma, breast cancer, gastric carcinoma, prostate cancer, and also osteosarcoma (12) (13) (14) . Numerous researches have suggested that miR-192-5p was dramatically downregulated in malignant tumors, while overexpression of miR-192-5p could inhibit tumorigenesis through different mechanisms (15, 16) . In human osteosarcoma, miR-192-5p functioned as a major role in inhibiting the tumorigenesis in osteosarcoma (17) . Nevertheless, the potential mechanisms of miR-192-5p in regulating the development and progression of osteosarcoma remains largely unknown.
Ubiquitination is a critical posttranslational modification, which modulates cellular processes, including cell cycle regulation, chromatin remodeling, DNA damage response and so forth (18) . Ubiquitination modification is a dynamic reversible process, which is catalyzed by deubiquitinases (DUBs) (19) . Ubiquitin-specific protease 1 (USP1), one of the best characterized member of the DUBs family, is famous for its regulation of cellular response to DNA damage (20) . Recently, more and more studies reported that USP1 played an important role in oncogenesis and tumorigenesis in human malignant cancers, including osteosarcoma (21) (22) (23) (24) .
Given the crucial parts of miR-192-5p and USP1 in regulating the initiation and progression of osteosarcoma, we performed this study to identify whether miR-192-5p could negatively regulates osteosarcoma by directly targeting USP1. Cell invasion assay. In order to investigate the cell invasion ability, Matrigel (BD Biosciences) were precoated into 8 micron Transwells (Corning Incorporated, Corning, NY, USA), and then 143B and U2OS cells were added into the upper chambers with serum free medium. DMEM (500 µl) with 10% FBS was placed into the lower chamber for chemical induction. After incubating for 24 h, we carefully wiped out remaining cells which did not invade. Matrigel membranes were fixed with paraformaldehyde and then stained with crystal violet solution. The invaded cells were counted under a phrase contrast microscope (Olympus, Tokyo, Japan).
Materials and methods
Cell migration assay. Cell migration was evaluated by wound healing assay. The transfected cells were cultured in 6-well plates for 24 h. Then, artificial wound was scratched in confluent cell monolayers by sterile 10 ul pipette tip. Photographs were taken at 0 and 24 h by using inverse microscope.
Luciferase reporter assay. The mutant (mut) or wild-type (wt) 3'UTR of USP1 was inserted into pGL4 luciferase Table I . Associations between microRNA-192-5p levels and clinicopathological variables of osteosarcoma patients. promoter vector (Promega Corporation, Madison, WI, USA). Subsequently, miR-192-5p mimics or miR-NC and the vectors carrying USP1 mut or wt 3'UTR were co-transfected into 143B and U2OS cells by lipofectamine 2000 (Invitrogen). After 24 h, the dual luciferase reporter assay system (Promega Corporation) was performed to determine luciferase values.
Reverse transcription-quantitative polymerase chain reaction (RT-qPCR).
Total RNAs were extract from tissues and cell lines using TRIzol reagent (Invitrogen). Reverse transcription reactions were conducted via Takara RNA PCR kit (Takara, Kyoto, Japan). qPCR was performed using a SYBR-Green detection system (Takara). Relative gene expression was calculated using 2 -ΔΔCq method. The expression of U6 and β-actin were acted as the internal control for the expression of miR-192-5p and USP1, respectively. The primers for miR-192-5p were forward, 5'-GCG GCG GCT GAC CTA TGA ATT G-3' and reverse, 5'-ATC CAG TGC AGG GTC CGA GG-3'; U6 forward, 5'-TCC GAT CGT GAA GCG TTC-3' and reverse, 5'-GTG CAG GGT CCG AGG T-3'; USP1 mRNA forward, 5'-AGG TTG CTA GTA CAG CGT TTG C-3' and reverse, 5'-CAC TGG ATT CCT TGT TTC TAT CAG A-3'; and β-actin forward, 5'-GGC ACT CTT CCA GCC TTC C-3' and reverse, 5'-GAG CCG CCG ATC CAC AC-3'.
Western blot analysis. We extracted total proteins from transfected cells by using RIPA lysis buffer (Beyotime Institute of Biotechnology, Shanghai, China). All proteins were separated by 10% SDS-PAGE gel and transferred them onto the PVDF membrane (EMD Millipore Corp., Bedford, MA, USA). The membrane were blocked in 10% non-fat dried milk for 2 h and then incubated with primary anti-USP1 and GAPDH (both from Abcam, Cambridge, UK) at 4˚C overnight. After being washed with TBST five times, the membrane was incubated with secondary antibody for 1 h at room temperature. Then the membrane was washed three times with TBST again. Finally, the proteins were detected by using enhanced chemiluminescent. GAPDH was performed as an endogenous control.
Statistical analysis. All statistical analyses were conducted by using SPSS 20.0 (IBM Corp., Armonk, NY, USA) and Graph Pad Prism 5 software (GraphPad Software, Inc., San Diego, CA, USA). Data which were followed the Gaussian distribution, calculated as mean ± SD. Differences between two groups were measured by Student's t-test (for the migration, invasion, apoptosis and cell cycle assays), while one-way ANOVA (for CCK-8 assay) followed by Tukey's post hoc test was performed for comparisons between more than two groups. Correlation between miR-192-5p levels and clinicopathological variables of osteosarcoma patients were assessed by Chi-square test. The Pearson' procedure method was used in the patients. And the Kaplan-Meier survival analysis was applied in the survival experiments. P<0.05 was considered as statistically significant. Each experiment was performed three times.
Results

Reduced expression of miR-192-5p and elevated expression of USP1 in osteosarcoma tissues and cell lines.
The expression levels of miR-192-5p and USP1 mRNA were detected in tissues and cell lines of osteosarcoma. MiR-192-5p was distinctly downregulated in osteosarcoma tissues (Fig. 1A) . Whereas, USP1 mRNA showed an opposite trend (Fig. 1B) . Moreover, Pearson's correlation assay indicated that the expression levels of USP1 and miR-192-5p were inversely correlated in osteosarcoma tissues (Fig. 1C) . Next, two classic osteosarcoma cell lines: 143B and U2OS were performed to further confirm the findings above. Here we found that lower expressions of miR-192-5p were observed in both cell lines compared to hFOB (Fig. 1D) . In contrast, the expression levels of USP1 mRNA was markedly higher in both osteosarcoma cell lines compared to hFOB (Fig. 1E) . Furthermore, to evaluate the association between the expression level of miR-192-5p and clinicopathological variables, we divided all patients into two groups (low expression group and high expression group) based on the median expression level of tumor tissues. As showed in Table I , the low expression of miR-192-5p was statistically correlated with tumor grade, Enneking stage (25) and tumor size, while not associated with sex, age, histologic subtype and anatomical site in patients with osteosarcoma. Besides, the Kaplan-Meier survival analysis suggested that osteosarcoma patients with low expression of miR-192-5p presented to have a shorter overall survival (Fig. 1F) . These finding indicated that the low expression of miR-192-5p was closely associated with the high expression of USP1.
Upregulation of miR-192-5p inhibited osteosarcoma cell proliferation.
We transfected 143B and U2OS cells with miR-192-5p mimics or miR-NC. After being cultured, we found that the expression profile of miR-192-5p was dramatically increased compared to miR-NC group (Fig. 2A) . Then, CCK-8 assay was conducted to evaluate the ability of cell proliferation in 143B and U2OS cells. The results indicated that cell proliferation was statistically suppressed when miR-192-5p was upregulated ( Fig. 2B and C) . Flow cytometric assay was used to further identify whether cell proliferation was inhibited by miR-192-5p through altering cell-cycle progression or inducing cell apoptosis. Cell cycle analysis showed that miR-192-5p mimics brought about a higher G0⁄G1-phase and a lower S-phase arrest in 143B and U2OS cells compared to miR-NC group (Fig. 2D) . Subsequently, cell apoptosis analysis was performed to explore the influence of miR-192-5p mimics on cell apoptosis, which revealed that cell apoptosis was remarkably induced in 143B and U2OS cells compared to miR-NC group (Fig. 2E) . These findings demonstrated that overexpression of miR-192-5p repressed osteosarcoma cell proliferation through regulating cell cycle during G1 to S phase and inducing cell apoptosis. 
Overexpression of miR-192-5p suppressed osteosarcoma cell migration and invasion and enhanced the sensitivity of osteosarcoma cells to cisplatin.
Wound-healing and Transwell chamber assays were performed to elucidated cell migration and invasion in 143B and U2OS cells. Wound-healing assay showed that the migration capacity of cells in the miR-192-5p mimics group was obviously inhibited after wounding (Fig. 3A) . Transwell chamber assay showed that ectopic expression of miR-192-5p inhibited cell invasion (Fig. 3B) . These findings suggested that upregulation of miR-192-5p weaken the migration and invasion capability of 143B and U2OS cells. CCK-8 assay was performed to evaluate the effect of miR-192-5p mimics on the chemo-sensitivity of osteosarcoma cells. The response of 143B and U2OS cells to cisplatin enhanced after treated with the miR-192-5p mimic compared to miR-NC group (Fig. 3C and D) . The data demonstrated that miR-192-5p mimics reduced chemo-resistance of osteosarcoma cells to cisplatin. And it had been reported that the cisplatin drug was presented the chemio-sensitivity in osteosarcoma cells (26) .
USP1 was a direct target of miR-192-5p in osteosarcoma cell.
In order to verify the relationships between miR-192-5p and USP1, TargetScan tools was performed to predict the target sites for miR-192-5p. It was demonstrated that there was a combination of target sequences between the USP1 3'-UTR and miR-192-5p (Fig. 4A) . Then, dual-luciferase reporter system assay was carried out to affirm the above prediction. In detail, the 3'-UTR of USP1 containing wild-type (wt) or mutant-type (mut) miR-192-5p target sequences was inserted into the plasmid. Then, we co-transfected 143B and U2OS cells with these reporters plasmid and miR-192-5p. Luciferase activity was detected 48 h after transfection. As showed in Fig. 4B and C, miR-192-5p mimics significantly restrained wild-type 3'UTR-USP1 reporter activity while there was no repression on the mutant 3'UTR-USP1 reporter activity, which revealed that miR-192-5p most likely suppressed gene expression via miR-192-5p binding sequences at the 3'-UTR of USP1. Besides, we observed that Ectopic expression of miR-192-5p statistically inhibited the expression of USP1 on mRNA and protein level (Fig. 4D and E) .
miR-192-5P regulated osteosarcoma cell proliferation, apoptosis, migration, invasion and chemo-sensitivity through USP1.
To further ascertain whether upregulation of miR-192-5p inhibited OS cells biological functions through USP1. We transfected USP1 vector into 143B and U2OS cells. After cultivated in vitro, the USP1 mRNA and protein expressions were restored in 143B and U2OS cells (Fig. 5A and B) . Ectopic expression of USP1 statistically enhanced cell proliferation, migration and invasion abilities and decreased cell apoptosis and chemo-sensitivity in 143B and U2OS cells. However, when co-transfected with miR-192-5p mimics and USP1, overexpression of miR-192-5p partially abolished the effects of USP1 on cells proliferation, chemo-sensitivity, migration, invasion and apoptosis (Fig. 5C-I ). Taken together, miR-192-5p inhibited osteosarcoma cell biological functions primarily through downregulating USP1.
Discussion
Increasing evidence have suggested that miRNAs could regulate cell proliferation, apoptosis, migration, invasion and chemo-sensitivity in malignant tumors, including osteosarcoma (27) (28) (29) (30) . For instance, Chen et al (31) revealed that miR-211-5p was downregulated in triple-negative breast cancer (TNBC), which inhibit TNBC cell biological functions via targeting SETBP1. Our previous study also showed that miR-335 was statistically downregulated in osteosarcoma stem cells. Moreover, overexpression of miR-335 suppressed stem cell-like characteristics by targeting POU5F1 (32). Our study indicated that miR-192-5p was significantly downregulated and USP1 was remarkably upregulated in 25 osteosarcoma samples and tow cell lines. Pearson's correlation assay indicated that the expression levels of miR-192-5p was inversely associated with USP1. Moreover, low expression of miR-192-5p in patients was statistically correlated with tumor grade, Enneking stage and tumor size. And osteosarcoma patients with low expression of miR-192-5p presented to have a shorter overall survival. Then, biological functions of miR-192-5p were explored in 143B and U2OS. The results shown that upregulation of miR-192-5p inhibited cell proliferation through cell cycle arrest and inducing cell apoptosis, suppressed cell migration and invasion and enhanced cell chemo-sensitivity in osteosarcoma cells. To gain insight into the detail relationship between miR-192-5p and USP1, we used TargetScan software (33) to predict that there was a highly conservative binding site between USP1 and miR-192-5p. Then the prediction was further proved by luciferase activity assay. Furthermore, we observed that USP1 acted as an opposite role in regulating cell biological function compared that with miR-192-5p. Moreover, when co-transfected with miR-192-5p mimics and USP1 simultaneously, overexpression of miR-192-5p partially abolished the effects of USP1 on cells proliferation, apoptosis, migration, invasion and chemo-sensitivity in osteosarcoma cells.
Aberrant expression of miR-192 played a crucial role in the development and progression of multiple malignant tumors (34) (35) (36) . Previous studies have proved that miR-192 was significantly downregulated in many cancers, and miR-192 also has been reported to regulate cell biological functions in tumors, including proliferation, migration, invasion and apoptosis (37, 38) . For instance, Feng et al (15) suggested that miR-192-5p was significantly low in lung cancer. They further demonstrated that miR-192-5p suppressed cell proliferation and induced cell apoptosis through RB1. Lian et al (16) also proved that miR-192-5p reduced tumor metastasis by targeting the SLC39A6/SNAIL pathway in HCC cells. Although previous study had researched the effect of miR-192 on human osteosarcoma, which indicated that miR-192 was downregulated in osteosarcoma and miR-192 could suppressed the progression of osteosarcoma (17, 39) , the exact molecular mechanism remained largely unclear. Consistent with the above studies, we identified that upregulation of miR-192-5p inhibited cell proliferation by preventing cell cycle from G1 to S phase and inducing cell apoptosis in osteosarcoma cells. We also found that miR-192-5p repressed cell migration and invasion, and increased cells more sensitivity to cisplatin in osteosarcoma cells. Taken together, we came to the conclusion that miR-192-5p played an important role in suppressing osteosarcoma.
To clarify the potential molecular mechanism about miR-192-5p regulates cell biological function in osteosarcoma. Based on open-target prediction programs (TargetScan software), we found that USP1 may be a target gene of miR-192-5p. Recently, several studies indicated that USP1 had been found to be upregulated in many kinds of tumors, and they also found that deregulated USP1 could suppress cell proliferation, migration, invasion, chemo-resistance (40, 41) . Increasing studies suggested that USP1 played a role part in osteosarcoma. For example, Williams et al (24) indicated that USP1 was upregulated in osteosarcoma cells, which promoted cell proliferation, suppressed osteoblastic differentiation and stabilized ID proteins. Liu et al (23) confirmed that USP1 was upregulated in osteosarcoma. Silencing of USP1 inhibited cell proliferation and invasion through reducing expression of some downstream proteins, including Notch signaling pathway. Previous studies of our team suggested that Notch signaling pathway played a key role in the development and progression in osteosarcoma. Moreover Notch pathway could negatively regulated osteosarcoma stem cell-like properties, like cell proliferation, apoptosis, chemo-resistance (42, 43) . In the present research, we initially used the TargetScan software to suggest that USP1 was a putative binding site of miR-192-5p. Subsequently, overexpression of miR-192-5p restrained wild-type 3'UTR-USP1 reporter activity, while not in mutant 3'UTR-USP1 reporter activity in U2OS and 143B cells. Overexpression of miR-192-5p significantly repressed the USP1 expression on mRNA and protein level. Moreover, we also found that ectopic expression of USP1 promoted cell proliferation and migration, decreased cell chemo-sensitivity, which could be partially reversed by overexpression of miR-192-5p. All above data support that ectopic expression of miR-192-5p repressed OS cell proliferation, migration and invasion and increased the sensitivity of osteosarcoma cells to cisplatin via targeting USP1. The mechanism of how the miR-192-5p/USP1 axis regulates the initiation and progression of osteosarcoma was presented in Fig. 6 . Considering that Notch signal pathway act as important downstream pathway of USP1, further research should be performed to explore whether miR-192-5p can suppress osteosarcoma oncogenicity by targeting USP1 through inactivation of Notch signal pathway.
However, there are still some limitations in our study. First of all, our sample size is too small, and we need a larger sample size experiment to verify the conclusions in our study. Secondly, transient transfection of miR-192-5p instead of stable expression is used in our research. Thirdly, in order to make the composing of figure more concise, we only put the pictures of 143B cell line instead of two cell lines in figures. Forthly, in our study, we only explored the expression of USP1 at the level of mRNA. And we will further investigate its expression at the level of protein, which will further demonstrate our point of view. Finally, the downstream signal pathway of USP1 in our study need to be further illustrated.
In conclusion, in addition to the above limitations, our study elaborates the relationship between miR-192-5p and USP1 in osteosarcoma for the first time. Moreover, we provide evidence to prove that miR-192-5p inhibited the progression of osteosarcoma by targeting USP1. Therefore, miR-192-5p may serve as a valuable biomarker and miR-192-5p/USP1 axis may function as a novel therapeutic target for osteosarcoma. SZ, WG, MX, JC and GD performed the experiments. SZ, LY, ZZ and GD analyzed the data. SZ, ZZ and LY contributed reagents, materials and analytical tools. SZ, JC and WG reviewed all data and wrote the paper. All authors read and approved the final manuscript.
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